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Introduction
Gastric cancer (GC) is an important cancer worldwide as it is the fifth most frequently diagnosed cancer, with more than 1,000,000 new cases diagnosed in 2018. 1 Moreover, GC is one of the most common malignancies in China. 2 With the rapid aging of the global population, the number of elderly patients with locally advanced GC is also increasing in China, with GC being the most common malignancy in the Chinese elderly population. 3 Gastrectomy with precise lymph node dissection remains the main treatment modality for GC, 4 but studies have shown a high incidence of postoperative complications (PCs) in the elderly at up to 18-32%. 5 PCs are the primary cause of severe economic and social burden among elderly GC patients. Thus, timely intervention is crucial in elderly patients as this may decrease PCs and mortality. 6 Hyponatremia and hypocalcemia are common in surgery, 7 and it occurs in as high as 47% of hospitalized cancer patients. 8 The prognostic significance of hyponatremia and hypocalcemia is well described for several tumor types, such as hypercalcemia for breast and kidney cancer and hyponatremia for small cell lung cancer, 9 but has not been well studied in GC.
Serum sodium and calcium levels can be easily determined via routine plasma electrolyte tests. Hyponatremia (i.e., serum sodium level at lower limit of normal (LLN) <135 mEq/l) 10 was considered to be an indicator of severity and prognosis of the underlying disease in various medical conditions, including liver cirrhosis 11 and congestive heart failure. 12 Further, hyponatremia can develop as a side effect of drug therapy. 13 Meanwhile, hypocalcemia (i.e., serum calcium level <LLN-8.0 mg/dL or <LLN-2.0 mmol/L; ionized calcium <LLN-1.0 mmol/L) 10 often develops gradually and has nonspecific symptoms. Further, it may resemble the symptoms of the underlying malignancy and its treatment. 14 Hyponatremia and hypercalcemia are the most common cancer-related electrolyte disorders. However, the relationship between GC and hyponatremia or hypocalcemia remains unclear, and thus their management in cancer patients is yet to be established. Because elderly patients usually have poor oral intake, vomiting, diarrhea, and chronic blood loss, they may be more susceptible to hyponatremia or hypocalcemia. Thus, this study aimed to comprehensively evaluate the postoperative prognostic impact of hyponatremia or hypocalcemia in GC patients by age.
Materials And Methods Study Design And Subjects
This retrospective study was performed using data of GC patients who underwent radical gastrectomy at the Gastroenterology Department of the Second Affiliated Hospital of Wenzhou Medical University between June 2009 and February 2018.
The inclusion criteria were: i) gastric adenocarcinoma confirmed via preoperative gastroscopy and pathological examination and ii) scheduled for curative gastrectomy. The exclusion criteria were: i) radiological assessment in another hospital; ii) history of palliative resection; iii) history of emergency surgery for preoperative gastrointestinal bleeding; iv) history of immune system disease, uremia, and severe preoperative kidney function damage; v) and difference in pre-and postoperative diagnosis. Data on 1) clinicodemographic characteristics including sex, age, electrolyte concentration, body mass index (BMI), preoperative comorbidities, Charlson score, albumin concentration, hemoglobin concentration, histological type, tumor location, tumor node-metastasis (TNM) stage, and tumor size; 2) operative characteristics including laparoscopic surgery (surgeries were mainly performed by laparoscopy except for reconstruction of the digestive tract), lymph node dissection, and type of resection and reconstruction; and 3) postoperative outcomes, including PCs and postoperative survival time were collected from medical records. The patients were divided into two groups by age at a cut-off of 60 years based on the report of the United Nations World Health Organization. 15 Particularly, the young and the elderly group comprised those aged <60 years and ≥60 years, respectively. Two experienced researchers graded PCs that occurred within 30 days after operation using the Clavien-Dindo classification. 16, 17 The study was approved by the Ethics Committee of the Second Affiliated Hospital of Wenzhou Medical University; all participants provided written informed consent before participating in the study.
Diagnosis Of Electrolyte Abnormalities
Hyponatremia and hypocalcemia were defined according to the Common Terminology Criteria of Adverse Events, version 4.03. 10 Hyponatremia and hypocalcemia were acquired as a time-varying covariate because they could resolve and then recur. 18 Therefore, the blood calcium and blood sodium concentrations determined after admission were used for the assessment of hyponatremia and hypocalcemia.
Statistical Analysis
A Kolmogorov-Smirnov test was conducted to evaluate the equality of constant parameter distribution. Normal distribution data are expressed as mean ± SD deviations, while non-normal distribution data are expressed as mean and interquartile ranges (IQR). In univariate analysis, the independent t-test and Mann-Whitney U-test were used to analyze intergroup differences in continuous variables, and the chi-square test and Fisher's exact test were applied for categorical variables. Overall survival (OS) was defined as the time between the date of diagnosis and death or the date of last known follow-up. The Kaplan-Meier method and log rank test were used to estimate and compare survival based on specific factors. The Cox proportional hazard model was used to assess the risk ratio in univariate and multivariate analyses. All P-values were bilateral, and P<0.05 was considered statistically significant. All statistical analyses were analyzed using SPSS software (version 23.0; SPSS Inc., Chicago, IL, USA).
Results

Patient Characteristics
Of the 869 patients initially identified, we excluded 27 patients whose serum calcium and sodium levels were not measured (n=8), those who had metastases to other sites and underwent palliative surgery (n=8), who were previously diagnosed with severe preoperative kidney function damage (n=2), and whose postoperative diagnosis was different from the preoperative diagnosis (n=9). Finally, the cohort comprised 842 patients who were accordingly grouped based on their sodium and calcium levels as the hyponatremia group (n=100 (11.9%)) and non-hyponatremia group (n=742 (88.1%)), and the hypocalcemia group (n=176 (20.9%)) and non-hypocalcemia group (n=666 (79.1%)).
The patient characteristics are shown in Table 1 . Majority of patients were men (n=627, 74.5%), and the mean age in the overall cohort was 64.0 (IQR=56.0-72.0) years, indicating that majority were elderly. The median postoperative hospital stay was 16.1 (IQR=13.2-21.1) days, and the median hospitalization expense was ¥34,718.4 (IQR=¥22,003.8-50,495.2). The median preoperative hemoglobin and preoperative albumin levels were 124.0 (IQR=105.0-136.0) g/l and 36.1 (IQR=32.7-38.7) g/l, respectively. The median postoperative survival time was 82.2 months (IQR=78.2-86.3) days.
Correlation Between Clinicopathologic Characteristics And Hyponatremia
BMI (P=0.048), tumor size (P=0.024), preoperative obstruction (P=0.003), and PC (P=0.004) were significantly correlated with hyponatremia (Table 1) . Meanwhile, there was no significant association between hyponatremia and sex, Charlson score, diabetes, T stage, hypertension, preoperative anemia, preoperative bleeding, or node status.
Correlation between clinicopathologic characteristics and hypocalcemia
Charlson score (P<0.001), tumor size (P<0.001), T stage (P=0.020), preoperative anemia (P<0.001), preoperative bleeding (P=0.003), preoperative obstruction (P<0.001), and PC (P<0.001) were significantly correlated with hypocalcemia. Meanwhile, there was no significant association between hypocalcemia and sex, BMI, T stage, diabetes, hypertension, or node status.
Univariate And Multivariate Analysis Of Factors Associated With Postoperative Complications
Patients with hyponatremia or hypocalcemia had higher risk of PCs ( Figure 1 ). Univariate analysis showed significant correlations between PCs and age (P<0.001), diabetes (P=0.037), Charlson score (P=0.003), hyponatremia (P=0.004), hypocalcemia (P<0.001), TNM stage (P=0.001), T stage (P=0.003), total gastrectomy (P≤0.001), open surgery (P=0.013), and reconstruction methods (P=0.001) ( Table 2) . Meanwhile, only age (P=0.008), hyponatremia (P=0.039), and hypocalcemia (P=0.023) remained to be independent risk factors for PCs in multivariate logistic regression analysis ( Table 2 ).
Univariate And Multivariate Analysis Of Factors Associated With Postoperative Complications In Young Patients
The young and the elderly groups comprised 319 (37.9%) and 523 (82.1%) patients, respectively. In total, 52 (16.3%) patients in the young group developed PCs. Univariate analysis showed significant correlations between PCs and Charlson score (P=0.001), pathologic type (P=0.033), and open surgery (P=0.026). Meanwhile, in multivariate logistic regression analysis, pathologic type was the only independent risk factor for PCs. Hyponatremia or hypocalcemia cannot predict PCs in young GC patients.
Univariate And Multivariate Analysis Of Factors Associated With Postoperative Complications In Elderly Patients
In the elderly group, 154 (29.4%) patients developed PCs. In the univariate analysis, there were significant correlations between PCs and diabetes (P=0.050), hyponatremia (P=0.001), hypocalcemia (P=0.003), TNM stage (P=0.018), anastomotic method (P=0.005), and total gastrectomy (P=0.001). In multivariate logistic regression analysis, there were significant correlations between PCs and diabetes (P=0.048), hyponatremia (P<0.001), and hypocalcemia (P=0.003) ( Table 3 ).
Survival Analysis Of Variables Associated With Hyponatremia Or Hypocalcemia In Young Patients
As shown in Figure 1 , GC patients with hypocalcemia had a poor outcome: the median survival time in patients with hypocalcemia was shorter than in those without (Table 4 ). As shown in Figure 2A , both hyponatremia and hypocalcemia cannot predict the prognosis of young GC patients.
Survival Analysis Of Variables Associated With Hyponatremia Or Hypocalcemia In Elderly Patients
As shown in Figure 2B , Interestingly, hypocalcemia predicted poor outcome in the elderly patients: the median survival time in elderly patients with hypocalcemia was shorter than in those without hypocalcemia (55.3 months vs 77.9 months, P<0.001 
Discussion
This study retrospectively investigated the impact of preoperative hyponatremia or hypocalcemia on PCs and OS in GC patients by age group. Our results demonstrated that GC patients with hyponatremia or hypocalcemia had a higher risk of developing PCs. PCs not only reduce compliance to succeeding treatment, but also increase medical costs and impair quality of life, and ultimately result in poor prognosis. 19, 20 We also found that the incidence of hyponatremia and hypocalcemia was higher in the elderly group. Considering the physiological differences between young patients and elderly patients, we first examined whether hyponatremia or hypocalcemia was correlated with outcome in the young and the elderly patient groups. Interestingly, hyponatremia or hypocalcemia was an independent risk factor for PCs in the elderly group (hyponatremia, P=0.001; hypocalcemia, P=0.003), but it was not significant on univariate analysis in the young group. Moreover, similar to the results of other studies, [21] [22] [23] we found that OS was significantly shorter in elderly GC patients with preoperative hypocalcemia or hyponatremia, and hypocalcemia was found to be an independent risk factor of OS in the elderly group (HR=0.676, P=0.037), but not in the young group. This may be explained by the fact that the relationship between chronic illness and certain factors such as malnutrition and immobility make elderly patients particularly vulnerable to hyponatremia or hypocalcemia. Furthermore, the value of hyponatremia or hypocalcemia as a predictor for PCs and OS in elderly patients may be blunted by age and agerelated poor physical condition. Additionally, considering the same diagnostic criteria and their better fundamental physical condition, young patients with hyponatremia or hypocalcemia may have better nutritional intake than elderly patients with hyponatremia or hypocalcemia. Although preoperative hyponatremia or hypocalcemia is associated with a poorer prognosis in elderly GC patients, there are still questions as to whether hyponatremia or hypocalcemia is a marker of disease severity 24 and if the correction of hyponatremia or hypocalcemia is beneficial for OS. 25, 26 Cancer outcomes have improved over the last few decades, but the prognostic impact of hyponatremia or hypocalcemia in cancer remains unclear. A study has suggested that correction of hyponatremia or hypocalcemia improves survival, 27 but the mechanisms behind these relationships are still ambiguous and poorly understood. In cancer patients, hyponatremia is usually caused by inadequate antidiuretic hormone (SIADH) secretion by the tumor. 28, 29 In this case, a hyponatremic state is mainly induced by the ectopic secretion of arginine vasopressin from the tumor tissue. 30 Although SIADH may be the cause of hyponatremia, there is little evidence that SIADH is the primary cause for hyponatremia in GC patients. In the present study, whether hyponatremia was related to SIADH could not be assessed; thus, their potential relationship remains to be further clarified. However, there are some possible causes of hyponatremia in patients with gastric cancer. A subset of chemotherapy drugs can cause hyponatremia by affecting the cytotoxicity of the central nervous system. In fact, chemotherapy or radical gastrectomy is usually accompanied by severe stress reaction, which may lead to or aggravate hyponatremia.
However, according to current research, the actual mechanism of poor PCs and OS due to hyponatremia is still not very clear. Renal or endocrine dysfunction, cancer cells producing antidiuretic hormone (ADH) and higher than normal levels of ADH in the microenvironment of gastric cancer are reasonable potential explanations.
As for hypocalcemia, one study indicated that impaired renal function and increased renal tubular calcium resorption may cause hypocalcemia. Deterioration of the kidney function itself may be an indication of inflammation. The proinflammatory pathways is mainly regulated by the tumor microenvironment, and this plays an important role in tumor progression. Tumor-induced inflammation may alters endothelial/vascular kidney function, and this leads to reduced calcium reabsorption and diminished renal function. 31 However, this needs to be verified. Although our findings suggest that hyponatremia or hypocalcemia is an adverse prognostic factor, it is unclear if hyponatremia or hypocalcemia is the result of multiple pathophysiological effects or an independent biological factor. Additional research is needed to clarify this. This is the first study to focus on hyponatremia or hypocalcemia in GC patients, and we evaluated elderly patients who have higher risk of PCs and worse clinical outcome than young patients. Findings from another study suggest that correction of sodium and calcium concentration levels in GC patients with severe hyponatremia or hypocalcemia allows for additional treatments and result in significantly better OS. 32 Thus, we propose that more attention should be paid to improve the hyponatremic or hypocalcemia status in elderly patients. The urgency and aggressiveness of treatment for elderly patients is predicated on both the serum calcium and serum sodium, and importantly, the manifesting symptoms. Fluid restriction (generally to 500 mL less than the daily urine output) is a common treatment strategy for transient hyponatremia. However, it may be difficult to perform in elderly GC patients. 33 Because hydration is an indispensable step in chemotherapy, and fluid-limiting measures can affect nutrient absorption and quality of life. Thus, we recommend a new and physiologically based therapy for elderly GC patients with hyponatremia.
The site of vasopressin action in the distal tubule and may antagonize vasopressin type 2 receptors, leading to water retention. 34 In addition, given that the treatment of hypocalcemia in elderly GC patients is aimed to improve serum calcium concentration by treating underlying diseases, particularly by reducing urinary excretion of calcium; promoting calcium absorption in the bone; and, to a lesser extent, increasing intestinal calcium absorption, the blood sodium and blood calcium level should be maintained at stable levels before surgery. Meanwhile, although hyponatremia or hypocalcemia also needs to be treated in young patients and blood sodium and calcium levels should also be stabilized, treatment indications can be lightened.
There are several limitations in this study that should not be overlooked. First, due to technical and conditional restrictions, we only chose to investigate hyponatremia and hypocalcemia, and they were not rated according to their severity. Therefore, we will continue to study the postoperative effects of other types of electrolyte disorders on GC patients and rank them by severity. Second, all the data measured in our study were obtained from the first blood collection after admission, and clinicians tend to correct the hyponatremia or hypocalcemia after its diagnosis. Whether this has an impact on the prognosis still needs to be further studied. Third, bias in population selection may be inevitable due to the single-center design. Therefore, a large-scale multicenter trial is necessary to confirm our findings. Fourth, we only analyzed two age categories at a cutoff of 60 years. The effect of hyponatremia or hypocalcemia in different age groups needs to be further studied. Finally, the follow-up period in the present study is less than 5 years, and long-term follow-up data need to be further acquired.
Conclusions
This is the first retrospective study to identify hyponatremia and hypocalcemia as independent risk factors for PCs and OS in GC patients. Additionally, hyponatremia and hypocalcemia were independent predictors of poor outcomes only in elderly GC patients, and not in young patients. Therefore, greater attention should be paid to hyponatremia or hypocalcemia in elderly GC patients.
